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Abstract
The Thesis entitled "Asymmetric Dihydroxylation Approach to the Enantioselective Syntheses of Bioactive Molecules and PCC Mediated Oxidative Organic Transformation" is divided into five chapters. Chapter 1: describes a brief introduction to the Sharpless asymmetric dihydroxylation (SAD) and cyclic sulfites/sulfates as synthetic intermediates. Chapter 2: deals with the enantioselective synthesis of b-hydroxy-d-lactones and is divided into two sections. Chapter 3: constitutes the asymmetric synthesis of vicinal amino alcohols and is divided into two sections. Chapter 4: includes the enantioselective synthesis of chiral epoxides via asymmetric dihydroxylation and is divided into two sections. Chapter 5: examines a new PCC-mediated unusual C-C bond cleavage reaction during oxidation of homobenzylic alcohols. 
Chapter 1: Asymmetric Dihydroxylation and Cyclic Sulfites/Sulfates as Synthetic Intermediates. This chapter gives a brief introduction to Sharpless asymmetric dihydroxylation (SAD) reaction and cyclic sulfites/sulfates as synthetic intermediates. Catalytic asymmetric reactions provide an especially practical entry into the chiral world due to their economical use of asymmetric inducing agents. Especially useful is the carbon-heteroatom bond forming reactions, since the resulting functionality can be readily manipulated to produce many important classes of compounds. The SAD reaction is one such reaction developed in early 1990.1 It has evolved as one of the most powerful methods for enantioselective oxidation of olefins to optically active vicinal diols that are versatile and convenient building blocks in the synthesis of bioactive compounds. In this chapter, the development of SAD reaction from stoichiometric to catalytic version, the mechanism, reaction conditions and varied ligands used along with recent applications will be covered. In our synthetic endeavors we have employed the chiral diol compounds obtained by SAD reaction towards the synthesis of b-hydroxy-d-lactones, vicinal amino alcohols and chiral epoxides. To bring about the functional group changes we have also employed the chemistry of cyclic sulfites/sulfates as intermediates.2 This chapter will also cover the synthesis, reactivity and applications of cyclic sulfites/sulfates as synthetic intermediates. 
Chapter 2: Enantioselective Synthesis of b-Hydroxy-d-Lactones This chapter deals with the asymmetric synthesis of b-hydroxy-d-lactones and is divided into two sections. Section A: Enantioselective Synthesis of (R)-Mevalonolactone Mevalonolactone 1 or its open form, mevalonic acid 2 is the biosynthetic precursor of most terpenoids, steroids, carotenoids, isoprenoids and pentanoids.3 Mevalonolactone was first discovered and synthesized by resolution method by Folkers and coworkers.4 We have employed a five-step strategy for the synthesis of (R)-mevalonolactone (Scheme 1) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO22.jpg" \t "_blank​) 
The hydroxyl protection of 3 and Sharpless asymmetric dihydroxylation to diol 4, followed by regioselective nucleophilic opening of cyclic sulfate intermediate 5 with cyanide nucleophile to give 6 are the key steps in the synthesis. Basic hydrolysis of 6 followed by acidic hydrolysis resulted in deprotection of ethoxy ethyl ether and concomitant cyclization to give (R)-mevalonolactone 1. The compound 6 was also synthesized from tosyl compound 7 by nucleophilic displacement with cyanide. Thus, a short and efficient practical synthesis of (R)-mevalonolactone is achieved. Section B: Enantioselective Synthesis of the Lactone Moiety of HMG-CoA Reductase Inhibitors-Compactin and Mevinolin Cholesterol biosynthesis inhibition has become a powerful tool to lower plasma cholesterol high levels. 3-Hydroxy-3-methyl-glutaryl coenzyme reductase (HMGR) is a target of choice, because it is the early rate-limiting step in the biosynthesis of cholesterol. Mevinolin and compactin 8 are specific inhibitors of HMGR and are effective in lowering blood plasma cholesterol levels.5 The key structural feature in HMGR inhibitors is the b-hydroxy-d-lactone moiety 9 that is connected to a functionalized decalin unit via an ethylene bridge. In this section the asymmetric synthesis of the b-hydroxy-d-lactone moiety 96 is described. (S)-Malic acid 10 serves to establish the stereochemistry at C-6, while the C-4 hydroxyl is arrived at through the regioselective hydride opening of cyclic sulfite 13. The synthetic route is depicted in 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO23.jpg" \t "_blank​) 
Chapter 3: Asymmetric Synthesis of Vicinal Amino Alcohols: Dihydrosphingosine and Phytosphingosines The vicinal amino alcohol moiety is the key structural feature in a variety of bioactive molecules.7 This chapter summarizes our studies on the asymmetric synthesis of dihydrosphingosine and phytosphingosines and is divided into two sections. Section A: Enantioselective Synthesis of D-(+)-erythro-Dihydrosphingosine Sphingosine 14 and its biosynthetic precursor dihydrosphingosine (sphinganine, 15) are long chain amino alcohols forming the backbone structures for complex molecules called sphingolipids. Dihydrosphingosine and related long chain bases display potent inhibiting properties of protein kinase C both in vivo and in vitro and thus play a pivotal role in cell recognition, cell growth modulation and signal transmission.8 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO24.jpg" \t "_blank​) 
Asymmetric dihydroxylation of olefin 17 gave diol 18. Diol 18 was converted into cyclic sulfite 19, which was opened regioselectively with azide nucleophile to give 20. Dual reduction of ester and azide functionality in 20 with LiAlH4 gave D-(+)-erythro-dihydrosphingosine 15, which was isolated by converting into triacetate derivative 21. Alternatively, the C-2 chirality of 15 was arrived by selective 1,3-benzylidene formation as shown in Scheme 4. Asymmetric dihydroxylation of allylic alcohol 22 gave triol 23. Selective protection of 1,3-hydroxyls as cyclic benzylidene, followed by conversion of C-2 hydroxyl into the azido functionality gave 25. Subsequent deprotection of benzylidene, reduction and acetylation gave the triacetate derivative 21 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO25.jpg" \t "_blank​) 
Section B: Double Diastereoselection in Asymmetric Dihydroxylation: Application to the Diastereoselective Synthesis of C18-Phytosphingosines. 
Phytosphingosine 26 exists abundantly as one of the molecular species of sphingolipids in microorganisms, plants and many mammalian tissues. In addition to its structural function as the long-chain base of sphingolipids in membranes, phytosphingosine itself is a bioactive lipid, a potential heat stress signal in yeast cells. Of the eight C18-phytosphingosine isomers (ribo-, arabino-, xylo- and lyxo-series) most synthetic studies have been focused primarily on the preparation of ribo- or arabino-phytosphingosines. No report on the asymmetric synthesis of L-xylo-[2R,3S,4S]-C18-phytosphingosine 27 was known until we arrived at its first synthesis. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO26.jpg" \t "_blank​) 
Like many other reactions including the Sharpless asymmetric epoxidation and the Sharpless asymmetric dihydroxylation of olefins, the pre-existing chiral information in the substrate has a marked influence on the stereoselective outcome of the reaction. With a view to exploit the concept of double diastereoselection, we prepared the enantiomerically enriched terminal olefin 33 (and its enantiomer 34) as shown in Scheme 5. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO27.jpg" \t "_blank​) 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO28.jpg" \t "_blank​) Scheme 6 Selective mono-hydroxyl protection of 35 as pivaloate followed by conversion of C-2 hydroxyl into azido gave 45 with inversion at C-2 center. Reduction of 45 afforded 46. In an attempt to make 46 directly from 33, we tried aminohydroxylation, however it gave a complex mixture of unisolable products. Hydrolysis of acetonide in 46, followed by acetylation furnished the target compound 27 as the tetraacetate 47. Similarly 28 was prepared from 41 as the tetraacetate 48 obtained in 5.45:1 ratio, following the reaction steps as in Scheme 6. This was separated by flash column chromatography to give 48 in diastereomerically pure form. Similarly diastereomeric mixtures 39 and 42 were converted into 49 and 50 (33% de) respectively. Thus, we have exploited the concept of double diastereoselection in SAD reaction and applied the results obtained toward the synthesis of four of the eight isomers of phytosphingosine Chapter 4: Enantioselective Synthesis of Chiral Epoxides via Asymmetric Dihydroxylation: Synthesis of (+)-Diolmycin A2 and (+)- and (-)- Posticlure. Epoxides are versatile intermediates in organic synthesis, while many bioactive molecules contain the epoxide function as well. This chapter describes methods to convert a chiral diol into epoxide intermediate which is further extrapolated towards the asymmetric synthesis of (+)-diolmycin A2 and both enantiomers of posticlure. This chapter is divided into two sections. Section A: Enantioselective Synthesis of (+)-Diolmycin A2 With a search for new anticoccidial agents, Omura and coworkers isolated diolmycin A1, A2, B1, and B2 (51-54) from a fermentation broth of Streptomyces sp.WK-2955.9 Omura et al.10 reported the first total synthesis of Diolmycin A1 51 as the racemate and then reported an asymmetric synthesis.11 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO29.jpg" \t "_blank​) 
The use of chiral pool materials, such as L-tartaric acid for the preparation of diolmycin A2 52 has recently been reported by Kotsuki et al.12 Diolmycin A2 52 has threo-diol configuration which could easily be derived by asymmetric dihydroxylation. In view of this, an asymmetric synthesis of diolmycin A2 52 was undertaken as shown in Schemes 7 and 8. 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO30.jpg" \t "_blank​) 
Alternatively, the epoxide 60 could be obtained from 58 following the reaction steps as shown in Scheme 8. The dihydroxylation of olefin 58 using the Sharpless asymmetric dihydroxylation procedure gave the diol 61. The dihydroxyl protection, ester group reduction and tosylation furnished 62. Deprotection of the acetonide and subsequent treatment with K2CO3 afforded the epoxide 60. From here, we carried out the regioselective C-3 alkylation of indole, by employing a Lewis acid, SnCl4 and a mixture of solvents like CH2Cl2 and CH3NO2. The solubility of the indole-Lewis acid complex has been greatly increased by the use of CH3NO2 solvent thereby lowering the reaction time and raising the yields. The subsequent debenzylation afforded (+)-diolmycin A2 52. Thus, a short and efficient synthesis of (+)-diolmycin A2 52 has been achieved, employing the SAD reaction and regioselective C-3 indole coupling routes Section B: Enantioselective Synthesis of (+)- and (-)-Posticlure Wakamura et al.13 isolated for the first time in the history of epoxide pheromones a novel trans-epoxide pheromone from the virgin females of the tussock moth, Orgyia postica and identified it as (6Z,9Z,11S,12S)-trans-11,12-epoxyhenicosa-6,9-diene 63a and named it as posticlure after the species name. Wakamura et al.13 also reported the first synthesis by employing Sharpless asymmetric epoxidation reaction and obtained the pheromone only in 59% ee. The pure sample was obtained by preparative HPLC 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO31.jpg" \t "_blank​) 
In Scheme 9, the intermediate diol 69 is synthesized. Asymmetric dihydroxylation of 65, followed by dihydroxyl protection and reduction of ester gave 67. Oxidation of alcohol and subsequent Wittig reaction with 68 followed by acetonide deprotection furnished 69. Similarly the enantiomer of 69 i.e. 70 was synthesized by b-dihydroxylation of olefin 65 and following the same route as for 69. Alternatively, the diols 69 or 70 were synthesized by selective mono-dihydroxylation of a triene system like 72 as shown in Scheme 10. Selective mono-a-dihydroxylation of 72 gave 69, while mono-b-dihydroxylation gave 70. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO32.jpg" \t "_blank​) 
Chapter 5: A new PCC Mediated Unusual C-C Bond Cleavage During Oxidation of Homobenzylic Alcohols Leading to Benzylic Carbonyl Compounds. 
Pyridinium chlorochromate (PCC) is a well-known oxidizing agent, converting alcohols to aldehydes or ketones with high efficiency.15 Several rearrangements and useful conversions are known with PCC. All these make PCC a versatile oxidant in organic synthesis.16 While working on the total synthesis of diolmycin A2, the oxidation of homobenzylic alcohol 57 under Swern oxidation conditions gave the expected aldehyde 75. However when PCC was employed as an oxidant (1.5 equivalents), a mixture of 76 and 75 was obtained in 75:25 ratio. When PCC (3 equivalents) was used, the aldehyde 76 was the only product with no trace of 75. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO33.jpg" \t "_blank​) 
Thus, there is scission of C-C bond leading to the loss of one carbon atom and yet, to add to our enthusiasm the end product is an aldehyde without further oxidation. Several homobenzylic alcohols irrespective of aryl substituents and having no benzylic substitution on oxidation with PCC (3 equivalents), afforded the benzylic aldehydes in moderate to good yields. In order to understand better the scope of this oxidation, we elaborated the reaction on homobenzylic alcohols with substitution at benzylic position such that if degradation occurred, the end product would be a ketone. Indeed, this oxidation gave ketone as the only compound. Several such compounds are also covered in this chapter. 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a57_figureNO34.jpg" \t "_blank​) 
This kind of migration is not possible with homobenzylic alcohols, as it would destroy aromaticity. Both results are complementary and are new additions to the plethora of reactions brought about by PCC. This method should find widespread application in organic synthesis. 
  	 


